WHAT'S KNOWN ON THIS SUBJECT: Early life nutrition may program pubertal timing. Limited evidence suggests breastfeeding is associated with later puberty and childhood milk consumption with earlier puberty; whether these observations are biologically mediated or confounded by socioeconomic position is unclear.
Early puberty is associated with hormonerelated cancers and cardiovascular disease. 1 Determinants of pubertal timing are not well understood, although the reduction in age at puberty with economic development suggests an environmental, potentially modifiable, component. 2 Infancy could be a sensitive period for determining pubertal timing. First, exposures during the "mini-puberty" of infancy may determine the subsequent reawakening of the gonadotropic axis at puberty by affecting early development of the hypothalamic-pituitary-adrenal axis. 3 Second, pubertal timing may represent a life history strategy for reproductive success, whereby developmental plasticity enables differing investments in greater growth or earlier maturity depending on environmental cues during fetal and infant life. 4 Breastfeeding represents a key modifiable exposure during infancy, which could influence pubertal timing. Similarly, childhood cow' s milk consumption has also been suggested as affecting puberty 5, 6 ; specific nutrients in milk such as animal protein, 7 animal fat, 7 and calcium 8 have been linked with earlier puberty.
To date, earlier menarche has been found associated with formula feeding (including mixed feeding) in a small cross-sectional study from Hawaii 9 and with earlier introduction of formula feeding in a prospective birth cohort from the Philippines. 10 Conversely, in a small cohort from Germany, full breastfeeding at 4 months was not associated with age at the pubertal growth spurt, peak height velocity, or menarche, 11 while duration of breastfeeding was not associated with age at menarche in a small cohort from the United Kingdom. 12 One large population-based crosssectional study in the United States found greater quantity, but not frequency, of childhood milk consumption was associated with earlier menarche, 13 whereas another similarly large cross-sectional study in Turkey found frequency of milk consumption not associated with menarche. 14 Observa- tional studies are open to unmeasured or uncontrollable residual confounding, because many exposures and health attributes are socially patterned, of which contextually specific findings may be an indicator. Hong Kong provides an economically developed non-Western setting to verify potentially confounded associations. In Hong Kong, pubertal timing is unrelated to family socioeconomic position (SEP), 15 reducing confounding by SEP. Moreover, breastfeeding is also not clearly associated with higher SEP as often occurs in Western settings. In Hong Kong, more educated mothers tend to start but not sustain breastfeeding, whereas migrant mothers tend to start and sustain breastfeeding. 16 Cow' s milk-based formula is usually used; soy-based formula is only recommended where medically indicated. 17 In contrast, milk consumption in Hong Kong is socially patterned; children with more educated mothers consume more milk. 18 However, the range of milk consumption is wider in Hong Kong than in most other developed settings; it is normal in Hong Kong for children to eschew milk because it is not part of a traditional Chinese diet and lactose persistence is uncommon. 19 Moreover, most previous studies have examined the association of breastfeeding with age at menarche, which occurs toward the end of puberty, represents a composite of timing and duration of puberty, and is specific to girls. To provide a distinction between these processes and to consider a similar marker in both genders, we examined the association of breastfeeding and childhood milk consumption with the age at pubertal onset in both genders by using a large, population-representative non-Western birth cohort, Hong Kong' s "Children of 1997." We also examined whether the associations varied by gender, birth order, or mother' s place of birth.
METHODS

Data Source
Hong Kong' s "Children of 1997" birth cohort 20 is a population-representative Chinese birth cohort (N = 8327) that covered 88.0% of all births from April 1, 1997, to May 31, 1997. The study was initially established to investigate the effect of second-hand smoke exposure on infant health. Families were recruited at the first postnatal visit to any of the 49 Maternal and Child Health Centers in Hong Kong, which all parents of newborns are encouraged to attend. Characteristics obtained by using a selfadministered questionnaire in Chinese at recruitment and subsequent routine visits included maternal and birth characteristics, family socioeconomic position, and early life exposures, such as breastfeeding. Passive follow-up via record linkage was instituted in 2005 to obtain routinely collected information including biannual pubertal status from grade 2 onward from the Student Health Service (SHS), Department of Health, which provides free annual check-ups for all school students, and death records from the Death Registry. Active follow-up via direct contact was instituted in 2007. A postal survey (Survey I) including questions on milk drinking was sent in July 2008, then re-sent a second and third time as necessary over the following 9 months.
Of the original 8327 cohort members, as of August 31, 2011, 26 had permanently withdrawn. Of the remaining 8301, 7936 were potentially contactable in 2008-2009 to participate in Survey I, while 75 had migrated without trace, 278 were untraceable (probably migrated or dead), and 12 were known to be dead. Of these 7936, 3679 responded to Survey I, of whom 98.2% provided information on milk drinking. The 3679 respondents and 4257 nonrespondents to Survey I (including 324 who declined to participate, 3401 who did not reply, and 532 who have not yet been contacted) were similar in breastfeeding (Cohen effect size = .16), gender, birth weight, birth order, and key sociodemographic attributes, such as mother' s place of birth, parents' education, parents' occupation, and household income (Cohen effect sizes all ,.2). 21 
Exposures
The primary exposures were breastfeeding and childhood milk consumption (at about 6 months, 3 years, and 5 years). Information on breastfeeding was obtained from self-administered questionnaires completed mainly by mothers at the first (generally shortly after birth) and subsequent (at about 3, 9, and 18 months) routine visits to the Maternal and Child Health Centers. At the first visit, the respondent was asked: "How is the infant currently fed?" specified as "exclusively breastfed," "partially breastfed," and "only formula fed." At follow-up visits, the respondent was asked: "How has the infant been fed from birth until now" specified as one of the 3 original options or an additional option applying to the initially exclusively breastfed of "initially breastfed, but now formula fed" with the age in months when breastfeeding terminated. In Hong Kong, breastfeeding is usually of limited duration perhaps because of short maternity leave. We categorized breastfeeding, as previously, 22 using a relatively short duration of 3 months, which has the expected associations in this cohort with serious infectious morbidity. 23 Infants were classified as exclusively breastfed for 3+ months if at 3 months (or the next available follow-up) they were reported as exclusively breastfed or if breastfeeding terminated at 3 months or older. For more than half the exclusively breastfed infants, breastfeeding terminated at 1 or 2 months making breastfeeding for ,3 months and partial breastfeeding physiologically rather similar, so these 2 groups were combined to reduce misclassification. Thus, infants were classified into 3 groups: "exclusively breastfed for 3+ months," "partially breastfed for any length of time or exclusively breastfed for ,3 months," and "never breastfed."
To capture changes in frequency of milk consumption due to nutritional and educational transitions during early childhood, we asked, "How often did the child consume cow' s milk or milk powder at ∼6 months, 3 years and 5 years?" in Survey I when the children were approximately 11 to 12 years old. The frequency of milk consumption at each age was then categorized as "#1 time per week" (incorporating "never consumes," "less than once per month," and "#1 time per week"), "2-6 times per week," and "daily." Cumulative milk consumption at all 3 occasions was also considered. Since very few (4.4%) children never consumed milk on all 3 occasions and the proportion of children consuming milk daily decreased with age, the cumulative childhood milk consumption was categorized as "non-daily at 6 months," "daily at 6 months only," "daily at 6 months and 3 years only," and "daily at 6 months, 3 years, and 5 years."
Outcomes
The outcome was age at pubertal onset, as the earliest age when Tanner stage II for breast (girls) or genitalia (boys) was recorded. Currently, there is a lack of standardization as to the first sign of male pubertal development (genital stage II or testicular volume of 4 mL). 24 Most reports have used genital stage II, but increasingly testicular volume is used as the indicator of male pubertal development. Initial analysis found similar association with either definition (genital stage II or testicular volume of 4 mL), so we used genital stage II for consistency with previous reports. Pubertal status was visually assessed by physicians at the SHS according to the criteria of Marshall and Tanner in grades 1, 3, 5, and 7 (ie, usually at 6-7 years, 8-9 years, 10-11 years, and 12-13 years, respectively). Children with infeasible sequences of pubertal stages, such as pubertal stage II before pubertal stage I (22 girls and 32 boys), were excluded.
Statistical Analysis
To show the age distribution of pubertal onset, we show the cumulative proportion with pubertal onset before each age in years from 7 to 14 years. We used multivariable interval-censored regression, with a log-normal distribution, to examine the adjusted associations of the exposures with age at pubertal onset, from which time ratios (TRs) with 95% confidence intervals (CIs) are presented. A TR greater than 1 indicates older age at pubertal onset, while a TR less than 1 indicates younger age at pubertal onset. As the exact age at pubertal onset was not precisely observed, interval-censored regression provides a means for using the age interval within which a child experienced pubertal onset. Each child was censored in 1 of 3 ways: (1) left censoring if the child had experienced pubertal onset by the first examination date, (2) interval censoring if the child had pubertal onset between 2 examination dates, and (3) right censoring if the child had not experienced pubertal onset by the most recent examination date. We also used interval-censored regression to assess the unadjusted association of gender with age at pubertal onset, from which estimated mean age at pubertal onset with 95% CIs were obtained for boys and girls. We assessed whether the associations varied with gender or birth order or mother' s place of birth from the heterogeneity of effect across strata and ARTICLE the significance of interaction terms, including any confounding interactions.
To illustrate possible confounding by SEP and other factors potentially associated with breastfeeding and childhood milk consumption, we present 3 models hierarchically. Model 1 adjusted for gender only, model 2 adjusted for family SEP (parents'education, parents' occupation, and household income), and model 3 adjusted for infant and maternal characteristics (birth weightfor-gestational age z-score relative to Hong Kong standard, 25 birth order, second-hand smoke exposure, mother's age at birth, and mother's place of birth).
We used multiple imputations for missing exposures (breastfeeding imputed for 1.9% and childhood milk consumption for 55.2%) and confounders (mother's place of birth for 8.4%). Multiple imputation produces unbiased results in this situation, 26 because it replaces missing values with a range of plausible values randomly drawn from the relevant empirically derived distribution conditional on other observed data. 27 The assumptions required for validity of complete case analysis (ie, missing completely at random), are not always present; those required for validity of multiple imputation (ie, missing at random) can be made more plausible by including more observed data related to the probability of missingness. 28 Missing values were imputed based on a flexible additive regression model with predictive mean matching incorporating data on the outcome (maximum age at Tanner stage I and minimum age at Tanner stage II), exposures (breastfeeding and childhood milk consumption), potential confounders, and infant residency. 29 We summarized the results from 10 imputed datasets into single estimated b-coefficients with CIs adjusted for missing data uncertainty. 30 We also performed an available case analysis (ie, deleting cases with missing data on variables in an analysisby-analysis basis) for comparison. Statistical analyses were performed by using Stata version 10 (Stata Corp, College Station, TX) and R version 2.12.1 (R Development Core Team, Vienna, Austria).
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RESULTS
Of the 7523 cohort members (3540 girls and 3983 boys, 90% follow-up rate) with information on age at pubertal onset, 76.1% of the girls had onset of breast development and 41.9% of the boys had onset of genitalia development before age of 14 years (Table 1 ). About 10% of girls had onset of breast development before age of 9 years. In boys, onset of genital development was closely synchronized with that of testicular development (testicular vol of 4 mL). Pubic hair development was a later sign of pubertal onset for both girls and boys. Among girls, estimated mean age at onset of breast development was 9.6 years, and among boys, mean age at onset of genital development was 11.7 years and mean age of testicular development was 11.4 years, similar to a recent populationrepresentative survey in Hong Kong. 15 During infancy, 57.0% were never breastfed, 36.6% were partially breastfed for any length of time or exclusively breastfed for ,3 months, and 6.4% were exclusively breastfed for 3+ months. At ∼6 months, 8.9% consumed cow' s milk or milk powder 1 time per week or less often, 2.5% consumed 2 to 6 times per week, and 88.6% consumed daily; the corresponding proportions at 3 years were 15.9%, 16.1%, and 68.0%, and at 5 years, were 33.6%, 21.2%, and 45.2%. Table 2 shows that cohort members from families of higher SEP were more likely to be partially breastfed for any length of time or exclusively breastfed for less than 3 months, while those from families of lower SEP were more likely to be exclusively breastfed for 3+ months. Those with mothers born in 
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Hong Kong were less likely to be ever breastfed than those with mothers born in mainland China, who were also more likely to exclusively breastfeed for 3+ months. Higher family SEP was positively associated with cow's milk or milk powder consumption at ∼6 months, 3 years, and 5 years. Those with mothers born in Hong Kong consumed cow's milk or milk powder more frequently at ∼6 months and 3 years although not at 5 years.
There was no evidence of heterogeneity across strata by gender (P values for interaction ..35), birth order (P . .17), or mother' s place of birth (P . .15); we did not stratify the analysis. Table 3 shows that neither breastfeeding nor cow' s milk or milk powder consumption at ∼6 months, 3 years, and 5 years or cumulatively was associated with age at pubertal onset, adjusted for gender (model 1), additionally adjusted for parents' education, occupation, and income (model 2), or further adjusted for birth weight-for-gestational age z-score, birth order, second-hand smoke exposure, mother' s age, and mother' s place of birth (model 3). The available case analysis produced similar results (see Appendix).
DISCUSSION
In this large, contemporary, populationrepresentative Hong Kong Chinese birth cohort with a high follow-up rate, neither breastfeeding nor cow's milk consumption at ∼6 months, 3 years, or 5 years was associated with age at pubertal onset. These findings suggest that breastfeeding or cow's milk consumption does not play a major role in pubertal timing.
This large birth cohort study, with its strength of high follow-up, contemporaneously collected breastfeeding history, and clinically assessed pubertal onset, nonetheless has several limitations. First, childhood (cow's) milk consumption was based on recall, which weakens the study. Second, we do not have information on the total energy intake or type of milk. Hong Kong children mainly consume powdered and fresh milk 31 ; low fat or skimmed milk was uncommon a decade ago. Third, we did not have complete information on childhood milk consumption. However, we used multiple imputation to capitalize on all available data while preserving the uncertainty from the missing data, minimizing inclusion bias and increasing statistical power. 30 An available case analysis produced similar results. Fourth, the proportion of children exclusively breastfed was relatively small, which may limit power. However, we have previously observed exclusive breastfeeding associated with serious infectious morbidity, as expected. 23 Fifth, environmental pollutants in breast milk could counteract the beneficial effect of breastfeeding on pubertal timing. However, associations did not vary by birth order when the burden of pollutants in breast milk tends to be greater for the firstborn as a result of maternal lifetime body burden of pollutants. Finally, any random variation in pubertal assessment by different physicians at 12 SHS centers would reduce the precision of estimates. However, a standard guideline for staging and an orchiometer were available and, with our large sample, statistical power is unlikely to have been compromised.
Our findings of no association of breastfeeding or childhood milk consumption with age at pubertal onset replicated some, 11, 12, 14 but not all, 9, 10, 13 observational studies primarily from Western populations. However, these studies are limited by small sample sizes, 9, 11, 12 long-term recall, 9, 12, 13 unclearly defined breastfeeding, 9, 12 crosssectional designs, 13, 14 lack of dose response, 13 low follow-up rates, [10] [11] [12] and no adjustment for socioeconomic confounding. 9, [11] [12] [13] [14] Children from families of higher SEP may overstate their pubertal development. 32 Longer duration of breastfeeding, lower milk consumption, and later pubertal onset tend to be associated with higher family SEP in long-term developed Western countries 2, 13, 33 and lower family SEP in recently developing countries. 2, 34, 35 Conversely, in other recently developed settings such as Hong Kong 15, 16 or in some Western cohorts, 11, 12 breastfeeding and puberty have different social patterns. In Hong Kong, there is also a much broader range of milk consumption than in Western countries. Nevertheless, we cannot rule out the possibility that residual confounding by SEP may have generated the particular associations we observed, although the lack of confounding by SEP makes it unlikely (model 2 compared with model 1). Conversely, it is possible that in other settings, residual socioeconomic confounding could have generated a ARTICLE positive association of breastfeeding or a negative association of childhood milk consumption with puberty. Nevertheless, taken together, these disparate findings suggest that any observed associations of breastfeeding or childhood milk consumption with puberty need to be interpreted with caution.
CONCLUSIONS
Breastfeeding has many infant and maternal benefits and childhood milk consumption is a source of protein and calcium; however, this large, populationrepresentative Chinese birth cohort provides no evidence that these exposures have long-term effects on pubertal timing. 
